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Abstract 
The laboratory data and simulation data all shows that the seismic response of outburst coal seam is very 
different from that of non-outburst coal seam. The velocity of outburst coal seam is about 1/3 of the normal 
coal seam, and the seismic data in outburst zone has the characteristics of longer arrival time, smaller 
amplitude, lower frequencies. Based on these facts, using impedance inversion, frequency spectrum 
decomposition and bury depth information of coal seam, this paper tried to predict the coalbed methane 
accumulation area in a certain coalmine, and the results were basically fit the actual data.  
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1. Introduction 
Coalbed methane (gas) is a kind of unconventional natural gas that generated during 
coalification and preserved in coal seam. It consist mainly of CH4, and some amount of CO2 and 
N2[1]. Coalbed methane is the world’s largest clean and realistic energy except for natural gas. 
Exploitation of coalbed methane will adjust energy structure, improve environment condition, save 
energy and reduce gas outburst hazard.
The study of coalbed methane started in 1950s. In 1980s coalbed methane was put under a 
systematic study and began its business utilization. The coalbed methane reservoir in China is the 
third largest in world. Based on the latest coalbed methane resource evaluation, the coalbed 
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methane resource within 2000m beneath ground surface in China is about 36.8×1012m3, and 
10.9×1012m3 of which is technically recoverable and mainly distributed in North China area, taking 
up 56% of China’s whole coalbed methane
Reservoir[2]. 3D seismic prospecting technology has been widely used in coalmine area as a 
structure prospecting method, but unlike seismic prospection for oil which is based on reflection 
wave to solve for structure problem, seismic prospection for coalbed methane is belong to lithology 
seismic prospecting[3]. Up till now, seismic technology for coalbed methane prospecting is still 
under exploration. 
2. Seismic response of coalbed methane accumulated area  
2.1 Coalbed methane accumulated area 
Coalbed methane is stored in coalmine in the forms of adsorbed state, free gas state and 
dissolved state. Now, the definition of coalbed methane accumulated area is still not clear. Wang 
Zhaofeng defined coalbed methane accumulated area from the gas outburst perspective in coal 
mining [4], and classified three kinds of coalbed methane accumulated areas: (1) in the same coal 
seam, a mining area that has a obviously higher gas content than the adjacent mining areas. (2) In 
the same mining area, a workface that has a obviously higher gas content than the adjacent 
workface. (3) in the same workface, a zone that has a obviously higher gas content than the adjacent 
zones. But the applicability of this definition is still disputed. How coalbed methane accumulated 
area was formed? Many studies proved that special conditions of “generating, storing, trapping” are 
the fundamental reason for the occurrence of coalbed methane accumulated area. The factors that 
affect accumulation of coalbed methane are: sedimentary environment and coal field geological 
history, coalification degree, bury depth, permeability of coal seam and wall rock, coal seam 
outcrop, geology structure, magma activity, hydrogeology conditions. 
2.2 Seismic response of coalbed methane reservoir 
When studying the characteristic of outburst coal seam, He Jishan pointed out that[5]: the high 
stress gradient and high gas content gradient in coal seam is the main cause for coal mine gas out 
burst, that is to say, high gas content is a necessary condition for gas and coal outburst. Gas content 
has a relatively big influence on the physical parameters of coal seam, and this is where the seismic 
prospection technology for coalbed methane based on. The elastic modulus test showed that when 
gas content is big, the elastic modulus will change largely. Commonly, if the adsorbed gas content 
increase, the elastic modulus of coal seam will decrease [6]. Poisson’s ratio and ultra sound velocity 
will also change a lot in gas outburst coal seam. Comparing with non-outburst coal seam, the elastic 
modulus of gas outburst coal seam can drop to only one third, while Poisson’s ratio cans double its 
value. Ultra sound test shows: the ultra sound velocities of non-outburst coal seam range between 
1500~2700m/s, average 2250 m/s. While for the gas outburst coal seam, the ultra sound velocities 
are less than 1000m/s, average 640m/s. The ultra sound velocity of non-outburst coal seam is more 
than 1.5 times that of gas outburst coal seam [7,8]. 
Based on two phase medium wave equation, Yang Shuang’an built models according to the 
actual occurrence of coal seam, and simulated the seismic wave field of coalbed methane 
accumulated area[9]. The result showed that the reflection wave from coalbed methane 
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accumulated area has the characteristic of longer travel time, smaller amplitude and lower main 
frequency, and is obviously different from normal coal seam. The main cause of this phenomenon 
is that the cooperation of mineral skeleton and pore fluid of two-phase medium can reduce the P-
wave velocity and lengthen travel time, and reduce the energy of higher frequencies more 
drastically, so that redistributed the energy distribution of different frequency component, move the 
main frequency towards lower frequency[10] The change of reflection wave field provide 
theoretical basis for distinguishing gas outburst region using travel time, amplitude and frequency 
change of seismic data, and also provide a possibility for distinguishing coalbed methane 
accumulated area using seismic method. 
3. The main seismic prospecting methods for coalbed methane 
3.1. Predicting coalbed methane based on bury depth 
In areas with relatively flat surface, the T0 on seismic section represent bury depth of coal seam. 
So we can qualitatively predict coalbed methane content according to the interpreted T0 contour 
based on the actual coalbed methane production data. 
3.2. Predicting coalbed methane based on impedance inversion 
The gas content can affect the seismic velocity and density of coal seam. The richer the gas 
content is, the lower the seismic velocity and coal seam density are. If eliminating the affection of 
coal seam structure anomaly on impedance, the low impedance zone of coal seam can be viewed as 
area that has relatively higher gas content. So, using core data as a constraint, the seismic velocity 
and density difference of coal seam, that is, the impedance difference of the coal seam, can be used 
to predict the coalbed methane accumulated area 
.
3.3. Predicting coalbed methane based on frequency spectrum decomposition 
Frequency spectrum decomposition is an interpreting method in frequency domain, it is an 
important part of seismic attributes analysis. This technology can extract all the tune amplitudes and 
tune phases of each individual discrete frequency in the effective frequency band of seismic data, 
and study the variation of thin layer and discontinuity of geological body through frequency 
decomposition within short time window. This is a newly developed seismic attributes 
interpretation method for 3D seismic interpretation and reservoir prediction [11-14]. When gas content 
is high, it will attenuate high frequency component of reflection signal more drastically, and the low 
frequency anomaly will occur. This anomaly in frequency will provide basis for predicting coalbed 
methane accumulated area using frequency spectrum decomposition technology. 
3.4 Predicting coalbed methane based on seismic attributes 
AVO (amplitude versus offset) technology began in the late 1960s, when the “bright spot” 
technology prevailed [15-17]. Being an important hydrocarbon, lithology and fracture prospecting 
method, AVO technology has being widely used in petroleum and natural gas detection and has a 
well-rounded theory basis [18]. AVO technology is based on elastic wave theory, and study the 
reflection amplitude variation with offset (or, incidence angle) on pre-stack seismic data to get the 
relationship between reflect coefficient and offset, and then analyze the lithology and physical 
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parameters of upper and lower medium rock on both sides of the reflection interface, then coalbed 
methane can be detected using seismic amplitude information. 
4.  Application 
The concerned coal mine is located in Qinshui basin. Qinshui basin is one of the most important 
places in north China that stores a huge amount of coal resource formed in Carboniferous and 
permian period. The area that buries coal seam is about 42000km2, and coal reserve is about 
2700×108t, which is very good for forming coalbed methane reservoir. In this study, the bury depth 
of coal seam, impedance inversion technology, frequency spectrum decomposition technology are 
used to search for coalbed methane accumulated area. Table 1 is the coalbed methane content of 
each borehole sample in experiment area. 
Table 1. Coalbed methane content of each borehole sample in area under study 
Borehole No. CZ-20 CZ-69 CZ-35 CZ-25 CZ-37 CZ-66 CZ-61 CZ-81 
Gas content (m3/t) 8.61 7.77 7.18 7.07 6.48 5.39 4.76 2.43 
Fine interpretation was carried out in experiment area, and generated the T0 contour (figure 1) 
of the main gas accumulated coal seam. In figure 1, red region represent smaller T0 (shallower bury 
depth), and purple region represent larger T0 (deeper bury depth). According to the relationship 
between gas content and bury depth, we can infer that red region has lower gas content, and purple 
region has higher gas content. This qualitative inference can basically fit the actual gas production 
data (The contour in figure 1 is the actual gas production contour). 
Fig.1. T0 contour that represent the bury depth of coal seam (gas content contour, m
3/t)
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Based on the finely interpreted seismic data, using 3D seismic data, along with interpreted coal 
seam reflection layer, faults data, well logging data, lithology data and histogram data, combining 
geological data, a 3D post-stack impedance inversion under multi-well constraint was carried out in 
prospecting area. And from the inversion data volume, combining well logging data, the seismic 
attribute interpretation was carried out, and finally we have the impedance data volume that 
represent the coal seam thickness change and coal seam impedance variation. By the fact that high 
gas content coal seam has lower impedance than low gas content coal seam, the low impedance 
zone can be predicted as coal seam that has higher gas content. 
Figure 2 is the impedance inversion section and the cross plot of impedance versus gas content 
in different boreholes. In impedance inversion section, the low impedance area and high impedance 
has distinct color difference. 
Figure 3 is the coal seam layer impedance slice. From the color map we can see that the brown 
zone represent low impedance value, and can be predicted as coalbed methane accumulated area. 
By the gas content data measured in different boreholes (see table 1), the gas contents of boreholes 
in high impedance area are: CZ-81 2.43m3/t, CZ-66 5.39m3/t, CZ-61 4.76m3/t. While the gas 
contents of boreholes in low impedance area are: CZ-20 8.61m3/t, CZ-35 7.18m3/t. This data 
shows it is feasible to predict coalbed methane accumulated area using seismic impedanceinversion. 
Fig.2. impedance inversion section and the cross plot of impedance versus gas content. 
Fig.3. Gas content prediction map and gas content contour, by the parameter of impedance.  
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Do frequency spectrum decomposition on finely interpreted seismic data volume, we can get 
different frequency components of the amplitude slice of target layer(Fig.4). By the color map (red 
stands for high value, yellow median value, dark low value) in the figures we can see that in 35Hz 
frequency component slice, the red area takes control over yellow area, and when the frequency 
increases, the red region turns into yellow, while the yellow region turns into red. When the 
frequency increase to tune frequency 75Hzˈthe amplitude reaches its maximum. So infer that the 
red region in 35Hz amplitude slice represent coalbed methane accumulated area, while yellow 
region represent lower gas contents area. 
Fig.4. Amplitude spectrum and the gas content contour of different frequencies. 
5. conclusion  
Based on the physical attributes and seismic response characteristic of coalbed methane 
accumulated area, the bury depth information of coal seam, impedance inversion technology and 
frequency spectrum decomposition technology can all predict coalbed methane accumulated area to 
some extent. But these predicting methods are still qualitative. To move into quantitative stage, a lot 
of more detailed work is still need to be done by geophysicists.. 
Acknowledgements 
This work was sponsored by new technology innovation foundation of Xi’an Research Institute 
of China Coal Technology & Engineering Group (Key technique study of Jason inversion, project 
number: 2011XAYCX020).  
References 
[1]  Xinming Zhang.CBM- Important potential areas of China's natural gas. Natural Gas Industry 1991;11(3):13- 17. 
[2] Ruofei Cui, Tongjun Cheng,Jin Qian. CBM seismic exploration techniques.The Progress of CBM Exploration 
Technological in China 2003ˈ;33˄4˅:155̚162. 
 [3] Maoyuan SUN, Zhiqiang FAN.Present status of the exploitation & utilization of Chinese coalbed methane and the 
strategic option for its industrialization. Natural Gas Industry2007; 27˄3˅˖1̚5. 
 [4] Zaofeng Wang, Junwei Yuan, Dongxun Jia. The forecast technique of high gas zone in coal-mine. Journal of Jiaozuo 
Institute of Technolog y 2005; 24(1):1-4.  
[5] JishanHe. Geophysical Research outburst.BeiJing: Coal Industry Press, 1999. 
230   Hongwei Tang /  Procedia Earth and Planetary Science  3 ( 2011 )  224 – 230 
[6] Xinz i Li, Quanshi Guo. Geophysical research technology for coalbed methane. Coalbed Methane Symposium 
Proceedingsˈ2008 . 
[7] WuyiCheng, XumingZhang, Fuchang Wu. Outburst prediction theory and technology of CBM.BeiJing: Coal
Industry Press, 2005. 
[8] Xuehai Fu, Yong Qin. Prediction theory and methods of permeability multiphase medium for Coalbed methane 
reservoir..Xuzhou: China Mining University Press,2003. 
[9] Shuangan Yang, Shunian Ning, Huixing Zhang. Prediction technology of coal bed methane based on double-phase 
media theory.Journal of China Coal Society 2005;30(Supplement):66-69. 
[10] Honglin LIU, Guoliang, ZHAO, Hongyan WANG.Coalbed methane exploration theory and practice in the high 
coal rank areas of china.Petroleum Geology & Experiment.2004;26(5)˖411-414 
[11] YanghuaWang.Seismic time-frequency spectral decomposition by matching pursuit.Geophysics 2007;72(1):13-20. 
[12] Liying Xu, Mingjie Xu, Zhenyan Chen. Using spectrum decomposition technique for prediction of thin reservoir.
Oil Geophysical Prospecting 2006;41(3):299-302. 
[13] Gong Honglin, Zhenqing Wang, Luming Li. Predicting carbonate reservoir by applying seismic spectral 
decomposition technique. Progress in Geophysics 2008;23(1):129-135. 
[14] Jinsong LI, Yandong LI,etc. Application of seismic spectral decomposition in Lithological reservoir description. 
Journal of Oil and Gas Technology2008;30(2):239-241. 
[15] Swan H W. Properties of direct AVO hydrocarbon indicators. In: Castagna J P, Backus Meds.Offset-dependent 
reflectivity theory and practice of AVO analysis, SEG, 1993. 
[16] Castagna J P, Smith S W. Comparison of AVO indicator: a modeling study .Geophysics 1994; 59:1849̚1855. 
[17] Pengyuan Sun. Advances in AVO techniques. Progress in Exploration Geophysics2005;28˄6˅: 432̚438. 
[18] JianGuo, Yulong Song. The 70th SEG Annual Meeting Papers.BeiJing: Petroleum Industry Press, 2000. 
